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1
PAGING SCHEME FOR MOBILE
COMMUNICATION SYSTEM USING
INCREASED PAGING CHANNEL DATA
TRANSMISSION RATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a scheme for paging in a
mobile communication system having a plurality of base
stations provided in respective cells, where each base station
is transmitting a paging channel on which a paging signal for
each mobile station is transmitted at intermittent timings
such that each mobile station judges a presence or absence
of a paging signal for the own station by receiving the
paging channel at these intermittent timings.

2. Description of the Background Art

In the cellular mobile communication system, at a time of
call termination for a mobile station located within a cell of
a base station, the base station carries out the paging with
respect to the mobile station by using a downlink radio
channel called paging channel.

Usually, each frame of this paging channel (PCH) is
divided along the time axis into a plurality of time-slots (TS)
as shown in FIG. 1, where which time-slot of the paging
channel frame is to be used for the paging with respect to
which mobile station is determined in advance.
Consequently, while waiting for a call to the own station, it
suffices for the mobile station to receive only the specific
time-slot of the paging channel frame intermittently and
there is no need to constantly receive the paging channel.

By increasing a number of time-slots to be used, it is
possible to reduce a rate (referred hereafter as an intermittent
ratio) of a time period for which the mobile station actually
receives the paging channel with respect to the entire time
period of the paging channel frame, and consequently it is
possible to reduce the power consumption at a time of call
waiting by the mobile station considerably compared with a
case of constantly receiving the paging channel.

In an example shown in FIG. 1, each frame of the paging
channel is divided into right time-slots, and the mobile
station receives only one time-slot (TS3 in an example of
FIG. 1) among them at a time of call waiting. Consequently,
in this example, the intermittent ratio is 1/8 so that the power
consumption of the mobile station at a time of call waiting
can be reduced to 1/8.

Now, in the conventional mobile communication system,
the intermittent ratio has been reduced by increasing a
number of time-slots. However, when a number of time-slots
is increased, the paging interval also increases as shown in
FIG. 2, and consequently, an average time required for the
paging is also increased so that there has been a limit to an
extent by which the intermittent ratio can be reduced by the
increase of a number of time-slots. In an example shown in
FIG. 2, a number of time-slots is increased to twelve from
eight used in FIG. 1, so that the intermittent ratio is reduced
from 1/8 to 1/12, but the average time required for the
paging is also increased accordingly.

It is also possible to reduce the paging interval by reduc-
ing a data amount necessary for the paging and thereby
reducing a unit time-slot duration, but there is also a limit to
an extent by which the data amount necessary for the paging
can be reduced, so that there is also a limit to an extent by
which the intermittent ratio can be reduced in this way.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a paging scheme for a mobile communication system which
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2

is capable of suppressing the power consumption of the
mobile station by reducing the intermittent ratio while
keeping an average time required for the paging shorter than
a case of merely increasing a number of time-slots. In short,
this is realized in the present invention by using a higher data
transmission rate for the paging channel so as to reduce a
unit time-slot duration and then increasing a number of
time-slots.

According to one aspect of the present invention there is
provided a method of paging in a mobile communication
system having a plurality of base stations provided in
respective cells and mobile stations, comprising the steps of:
transmitting from each base station radio channels in a
plurality of different data transmission rates, the radio chan-
nels including a paging channel on which a paging signal for
each mobile station is transmitted at intermittent timings, the
paging channel having a data transmission rate which is
higher than a required paging channel rate of the mobile
communication system, so as to shorten a transmission time
of the paging signal for each mobile station; and judging at
each mobile station a presence or absence of the paging
signal for said each mobile station by receiving the paging
channel at said intermittent timings.

According to another aspect of the present invention there
is provided a base station device for use in a mobile
communication system having a plurality of base stations
provided in respective cells and mobile stations, comprising:
a communication channel transmission unit for transmitting
communication channels; and a control channel transmis-
sion unit for transmitting control channels in a plurality of
different data transmission rates, the control channels
including a paging channel on which a paging signal for
each mobile station is transmitted at intermittent timings, the
paging channel having a data transmission rate which is
higher than a required paging channel rate of the mobile
communication system, so as to shorten a transmission time
of the paging signal for each mobile station.

According to another aspect of the present invention there
is provided a mobile station device for use in a mobile
communication system having a plurality of base stations
provided in respective cells and mobile stations, comprising:
a receiving unit for receiving signals from each base station,
including a paging signal for each mobile station transmitted
on a paging channel at intermittent timings, the paging
channel being transmitted by each base station at a data
transmission rate which is higher than a required paging
channel rate of the mobile communication system; and a
control unit for judging a presence or absence of the paging
signal for said mobile station device by controlling the
receiving unit to receive the paging channel at said inter-
mittent timings according to the data transmission rate of the
paging channel.

According to another aspect of the present invention there
is provided a method of paging in a mobile communication
system having a plurality of base stations provided in
respective cells and mobile stations, comprising the steps of:
transmitting from each base station radio channels in a
plurality of different data transmission rates, the radio chan-
nels including a paging channel on which a paging signal for
each mobile station is transmitted at intermittent timings, the
paging channel having a data transmission rate which is
variable; and judging at each mobile station a presence or
absence of the paging signal for said each mobile station by
receiving the paging channel at said intermittent timings.

According to another aspect of the present invention there
is provided a base station device for use in a mobile
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communication system having a plurality of base stations
provided in respective cells and mobile stations, comprising:
a communication channel transmission unit for transmitting
communication channels; and a control channel transmis-
sion unit for transmitting control channels in a plurality of
different data transmission rates, the control channels
including a paging channel on which a paging signal for
each mobile station is transmitted at intermittent timings, the
paging channel having a data transmission rate which is
variable.

According to another aspect of the present invention there
is provided a mobile station device for use in a mobile
communication system having a plurality of base stations
provided in respective cells and mobile stations, comprising:
a receiving unit for receiving signals from each base station,
including a paging signal for each mobile station transmitted
on a paging channel at intermittent timings, the paging
channel being transmitted by each base station at a data
transmission rate which is variable; and a control unit for
judging a presence or absence of the paging signal for said
mobile station device by controlling the receiving unit to
receive the paging channel at said intermittent timings
according to the data transmission rate of the paging chan-
nel.

Other features and advantages of the present invention

will become apparent from the following description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram showing an exemplary paging channel
according to a conventional paging scheme for a mobile
communication system.

FIG. 2 is a diagram showing another exemplary paging
channel according to a conventional paging scheme for a
mobile communication system, in which a number of time-
slots is increased.

FIG. 3 is a schematic diagram showing an exemplary
configuration of a mobile communication system to which
the paging scheme of the present invention is applied.

FIG. 4 is a diagram showing an exemplary paging channel
used in the first embodiment of the paging scheme according
to the present invention.

FIG. 5 is a schematic diagram showing an exemplary
channel configuration used in the first embodiment of the
paging scheme according to the present invention.

FIG. 6 is a block diagram showing an exemplary con-
figuration of a base station in the first embodiment of the
paging scheme according to the present invention.

FIG. 7 is a block diagram showing an exemplary con-
figuration of a mobile station in the first embodiment of the
paging scheme according to the present invention.

FIG. 8 is a block diagram showing another exemplary
configuration of a base station in the first embodiment of the
paging scheme according to the present invention, for a case
of CDMA system.

FIG. 9 is a block diagram showing another exemplary
configuration of a mobile station in the first embodiment of
the paging scheme according to the present invention, for a
case of CDMA system.

FIG. 10 is a block diagram showing an exemplary con-
figuration of a base station in the second embodiment of the
paging scheme according to the present invention.

FIG. 11 is a diagram showing an exemplary broadcast
channel used in the second embodiment of the paging
scheme according to the present invention.
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4

FIG. 12 is a block diagram showing another exemplary
configuration of a base station in the second embodiment of
the paging scheme according to the present invention, for a
case of CDMA system.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 3 to FIG. 9, a first embodiment of
a paging scheme for a mobile communication system
according to the present invention will be described in detail.

FIG. 3 shows an exemplary overall configuration of a
mobile communication system used in the present invention,
in which a base station (BS) 1 is provided in its cell 10, and
communicating with a mobile station (MS) 2 located within
the cell 10.

In this mobile communication system, the base station 1
transmits a paging channel (PCH) having a plurality of
time-slots as shown in FIG. 4.

At a time of call termination for the mobile station 2
located within the cell 10 of the base station 1, the base
station 2 carries out the paging with respect to the mobile
station 2 by using this paging channel of FIG. 4. Each frame
of this paging channel (PCH) is divided along the time axis
into a plurality of time-slots (TS) as shown in FIG. 4, where
which time-slot of the paging channel is to be used for the
paging with respect to which mobile station is determined in
advance. Consequently, at a time of call waiting, it suffices
for the mobile station 2 to receive only the specific time-slot
(the time-slot TS3 in FIG. 4) of the paging channel frame
intermittently, so that the power consumption of the mobile
station 2 at a time of call waiting can be reduced consider-
ably.

Here, the power consumption of the mobile station 2 at a
time of call waiting can be further reduced by reducing the
intermittent ratio. In this regard, in the conventional TDMA
mobile communication system, all the radio channels trans-
mitted by the base station are in the same data transmission
rate, so that the intermittent ratio has been reduced by
increasing a number of time-slots. However, when the radio
channels using various data transmission rates can be trans-
mitted and received easily as in a case of the CDMA mobile
communication system, it is more advantageous to reduce
the intermittent ratio by increasing the data transmission rate
of the paging channel.

In view of this, the paging channel of FIG. 4 uses the data
transmission rate higher than that of the conventional case
shown in FIG. 1, so that a unit time-slot duration for the
same data amount is shorter in FIG. 4 compared with FIG.
1. Consequently, even when a number of time-slots is
increased, an average time required for the paging is shorter
compared with a case of a straightforward increase of a
number of time-slots without using the higher data trans-
mission rate as shown in FIG. 2.

In an example shown in FIG. 4, a number of time-slots is
increased to sixteen, which is twice as much as that in a case
of FIG. 1, so that the intermittent ratio is reduced to 1/16. On
the other hand, in FIG. 4, a unit time-slot duration is reduced
to 1/2 compared with a case of FIG. 1, so that the average
time required for the paging is nearly the same as in a case
of FIG. 1, and therefore this case of FIG. 4 is superior to the
conventional case of FIG. 2 in this regard.

FIG. 5 shows an exemplary channel configuration in the
mobile communication system. As shown in FIG. 5, the
mobile communication system generally has radio channels
with various data transmission rates, and a channel with the
highest data transmission rate among them is allocated to the
paging channel in this embodiment.
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FIG. 6 shows an exemplary internal configuration of the
base station 1 in this embodiment, which comprises: a
plurality of encoders 11 (11a to 11n) for respectively encod-
ing paging information D1 (with a higher data rate), a
broadcast information D2, a control information D3, and
user data D4 (user data-1 D4-1 to user data-N D4-N) which
are inputs of the base station 1; a plurality of modulators 13
(13a to 13n) for modulating respective encoded data; a
plurality of amplifiers 15 (15a to 15x1) for amplifying
respective modulated signals; a multiplexer (MUX) 17 for
multiplexing the modulated signals; and an antenna 19 for
transmitting the multiplexed signals.

Here, the encoders 11 and the modulators 13 are capable
of realizing a plurality of different data transmission rates so
that this base station 1 can transmit radio channels in a
plurality of different data transmission rates.

In this configuration of FIG. 6, the paging information to
be transmitted by the paging channel is entered with a data
rate higher than the other control information of the other
control channels and the user data of the communication
channel (the traffic channel). Consequently, the data trans-
mission rate of the paging channel becomes higher, and as
a result, the intermittent ratio of the intermittent reception by
the mobile station 2 is made smaller.

FIG. 7 shows an exemplary internal configuration of the
mobile station 2 in this embodiment, which comprises: an
antenna 21 for receiving signals from the base station 1; an
amplifier 22 for amplifying the received signals; a demodu-
lator 23 for demodulating the amplified signals: a decoder 24
for decoding the demodulated signals to obtain a demodu-
lated output 25; and a control unit 26 for controlling the
demodulator 23 and the decoder 24 according to the
demodulated output 285.

In this configuration of FIG. 7 the control unit 26 first
controls the demodulator 23 and the decoder 24 into states
suitable for receiving the paging channel according to the
higher data transmission rate of the paging channel. Then,
when the paging signal is detected in the demodulated
output 25, the control unit 26 controls the demodulator 23
and the decoder 24 into states suitable for receiving the
control channels and the communication channels according
to the data transmission rates of the control channels and the
communication channels.

Here, as the higher transmission rate of the paging
channel, the maximum transmission rate available in the
system can be used for the maximum effect. However, when
there is a limitation on the higher transmission rate for the
paging channel due to the system requirement, it is still
possible to expect the similar effect by using the highest data
transmission rate that can be used for the paging channel
according to the system requirement.

Such a limitation on the higher transmission rate for the
paging channel due to the system requirement may arise, for
example, as follows. Namely, when the data transmission
rate of the paging channel is raised to be N times higher,
there is a need to increase the transmission power N times
in order to obtain the same receiving quality as before the
data transmission rate is raised. However, the increase of the
transmission power can lead to a transmission device in a
larger scale, so that there is a limit to an extent by which the
transmission power can be increased, and consequently
there arises a limitation on the higher data transmission rate
for the paging channel due to such a system requirement.

Note that, in this embodiment, it is also possible to expect
the similar effect by using the data transmission rate for the
paging channel which is higher than an average value of all
the data transmission rates that can be used in the system.
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In general, according to the present invention, it is pos-
sible to expect the similar effect by using the data transmis-
sion rate for the paging channel which is higher than a
required paging channel rate of the mobile communication
system.

On the other hand, in a case of applying the paging
scheme of the present invention to a CDMA mobile com-
munication system, the higher data transmission rate for the
paging channel can be realized by setting the spreading
factor (a ratio of spreading chip rate with respect to infor-
mation bit rate, which is also referred to as a process gain)
for the paging channel lower than that for the other channels
appropriately, without enlarging the occupied frequency
bandwidth.

More specifically, in this CDMA case, the base station 1
has an exemplary internal configuration as shown in FIG. 8,
which differs from FIG. 6 in that a plurality of spreaders 14
(144 to 14n) for spreading the respective modulated signals
are provided between the modulators 13 and the amplifiers
15, where the spreader 144 for the paging channel is set to
have a lower spreading factor than the other spreaders.

Also, in this CDMA case, the mobile station 2 has an
exemplary internal configuration as shown in FIG. 9, which
differs from FIG. 7 in that a despreader (correlator) 27 for
despreading the amplified signals is provided between the
amplifier 22 and the demodulator 23 and this despreader 27
is also controlled by the control unit 26 according to the
demodulated output 25.

Referring now to FIG. 10 to FIG. 12, a second embodi-
ment of a paging scheme for a mobile communication
system according to the present invention will be described
in detail.

This second embodiment differs from the first embodi-
ment described above in that the data transmission rate of the
paging channel is made variable.

In this case, the base station 1 has an exemplary internal
configuration as shown in FIG. 10, which differs from FIG.
6 in that there is also provided a control unit 18 which
controls the encoder 11a and the modulator 13a and gener-
ates a broadcast information D2 according to a traffic
information DO, so as to realize the variable data transmis-
sion rate for the paging channel.

In this configuration of FIG. 10, the control unit 18
controls the encoder 11a and the modulator 13a according to
the desired data transmission rate of the paging channel,
while at the same time, generates the broadcast information
including an information on the data transmission rate of the
paging channel which is to be transmitted by the broadcast
channel. More specifically, as shown in FIG. 11, the broad-
cast channel (BCCH) transmitted by the base station 1
includes, for example, a synchronization word to be used in
establishing the frame synchronization, an own cell ID, own
cell information (such as traffic state, frequencies or codes of
various control channels, etc. of the own cell), surrounding
cell information (such as traffic state, frequencies or codes of
various control channels, etc., of the surrounding cells), and
other information, where the own cell information also
contains an own cell paging channel rate information indi-
cating the data transmission rate of the paging channel used
in the cell of this base station.

As for the manner of controlling the data transmission rate
of the paging channel by the control unit 18 of each base
station, the following scheme can be adopted, for example.

(1) A system operator initially sets a prescribed data
transmission rate for the paging channel.

(2) Then, the data transmission rate is changed according
to a frequency of paging operations at each base station. For
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example, the data transmission rate can be set higher when
the paging operations are required more frequently.

(3) Also, the data transmission rate is changed according
to a utilization state of the communication channels at each
base station. For example, the data transmission rate can be
set lower when a number of communication channels in use
is large, in order to reduce the interference due to the paging
channel.

In order to realize the control of (2) and (3), it is necessary
to provide the traffic information such as a number of paging
operations, a number of communication channels in use, etc.
as an input to the control unit 18 as described above.

It is also possible to applying the paging scheme of this
second embodiment to a CDMA mobile communication
system, similarly as in a case of the first embodiment. In
such a case, the higher data transmission rate for the paging
channel can be realized by controlling the spreading factor
for the paging channel to be lower than that for the other
channels appropriately, without enlarging the occupied fre-
quency bandwidth.

More specifically, in this CDMA case, the base station 1
has an exemplary internal configuration as shown in FIG.
12, which differs from FIG. 10 in that a plurality of spreaders
14 (144 to 14n) for spreading the respective modulated
signals are provided between the modulators 13 and the
amplifiers 15, where the spreader 144 for the paging channel
is controlled to have a lower spreading factor than the other
spreaders by the control unit 18.

Note that, in this second embodiment, the mobile station
2 can have substantially the same configuration as that of
FIG. 7 (or FIG. 9 in a case of CDMA), except that the control
unit 26 controls the demodulator 23 and the decoder 24 into
states suitable for receiving the broadcast channel first so as
to obtain the paging channel rate information, and then
controls the demodulator 23 and the decoder 24 into states
suitable for receiving the paging channel according to the
data transmission rate of the paging channel indicated by
this paging channel rate information. Thereafter the opera-
tion in the mobile station 2 is the same as in the first
embodiment.

As described, according to the present invention, it is
possible to provide a paging scheme for a mobile commu-
nication system which is capable of suppressing the power
consumption of the mobile station by reducing the intermit-
tent ratio while keeping an average time required for the
paging shorter than a case of merely increasing a number of
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time-slots, by using a higher data transmission rate for the
paging channel so as to reduce a unit time-slot duration and
then increasing a number of time-slots. In this manner, a
number of time-slots provided in each frame of the paging
channel can be increased so that an intermittent ratio at each
mobile station becomes lower, without causing an increase
of the average time required for the paging.

It is to be noted that, besides those already mentioned
above, many modifications and variations of the above
embodiments may be made without departing from the
novel and advantageous features of the present invention.
Accordingly, all such modifications and variations are
intended to be included within the scope of the appended
claims.

What is claimed is:

1. A method of paging in a mobile communication system
having a plurality of base stations provided in respective
cells and mobile stations, comprising the steps of:

transmitting from each base station radio channels in a

plurality of different data transmission rates, the radio
channels including a paging channel on which a paging
signal for each mobile station is transmitted at inter-
mittent timings, the paging channel having a data
transmission rate which is variably changed according
to at least one of a frequency of paging operations and
a utilization state of communication channels at each
base station; and

determining at each mobile station a presence or absence

of the paging signal for said each mobile station by
receiving the paging channel at said intermittent tim-
ings.

2. A base station device for use in a mobile communica-
tion system having a plurality of base stations provided in
respective cells and mobile stations, comprising:

a communication channel transmission unit configured to

transmit communication channels; and

a control channel transmission unit for transmitting con-

trol channels in a plurality of different data transmis-
sion rates, the control channels including a paging
channel on which a paging signal for each mobile
station is transmitted at intermittent timings, the paging
channel having a data transmission rate which is vari-
ably changed according to at least one of a frequency
of paging operations and a utilization state of commu-
nication channels.



